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McCarty (Sawyer and McCarty, 1978)
approach for determining
oxygen consumption assuming
cell synthesis and no endogenous
respiration

2CgH1a + 3.502 - 2CgH1102 + 3H20 (9)
Therefore: approximately 3.5 moles of oxygen are required to oxidize 2 moles of

hexane to 2 moles of hexanol. From Equation 10, 0.65 g of oxygen are
required to oxidize 1 gram of hexane to hexanol.

329 O
3.5 mole Oz Xmole Oz
0.65g O2 10
- g CeHs (10)
86 g CgH
2 mole CGH‘%T&%E?—T:
Using hexanol as a starting point:
CH3 CH2 CH2 CHa CH2 C00- + H20 — CO2 + HCO3- (11)
CeH11 02 + 11H20 —» 5C02 + HCO3" + 32H+ + 32e- (12)
L CoH1102 + abHa0 — 25C0p + S5 HCO3 + H* + & 13
326112"’322—*32 2+ 35 3 + +€ (13)

fs = 0.6 for cell synthesis
fa = 0.4 for energy requirements using oxygen as an electron acceptor

Half reaction for cell synthesis:

06 (5C02 + 25 HC03™ + E%NHA,* +H 40 2 20C5H702N + 90 Ho0) (14)
Half reaction for electron acceptor:

0.4 (%+ H* + e'—e%Hgo) (15)
Simplifying Equations 13,14, and 15:

.03125Cg H11 02" + .344 H20 — .156 CO2 + .03125 HCO3" (16)

12 C02 + .03 HCO3" + .03NH4* — .03CsH702N + .27 H20 (17)
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102 — 2H20 (18)

Combining Equations 16, 17, and 18 results in the overall reaction:
0.03125Cg Hq11 02" + 0.1 02 + .03 NH4* — .036 CO2 + 0.126 H20 + (19)
001 HCO3'+ .03C5H7 02N

The oxygen equivalent for the biodegradation of hexanol is 0.89 g oxygen per
gram of hexanol (Equation 21):

32g O»2
0.1moles O2 x mole O

- 9 02
= 0890 5=hE5— (20)

115 g CeH1102"
mole CgH1102"

0.03125 mole CgH1102" x

Since 0.65 g of Oz are required to convert 1 mole of hexane to 1 mole of
hexanol (Equation 10), the total oxygen requirement to biodegrade hexane
using the McCarty Method (Sawyer and McCarty, 1978) is 1.54 g of oxygen per
g of hexane.

From Equation 19, 0.036 moles of carbon dioxide are produced for each
0.1 moles of oxygen consumed during the biodegradation of hexanol. Since
hexane is converted to hexanol on a 1 mole per 1 mole basis (Equation 9), the
ratio of oxygen consumed to carbon dioxide produced during the
biodegradation of hexane is approximately 2.78 (Equation 21) using the
McCarty Method (Sawyer and McCarty, 1978) .

.1 moles 02  2.78 moles O2
.036 moles CO2 = mole CO»

Calculations Supporting
Air Flow Rates

Volume of Vents (not including gravel)
+  Treatment Vent (per vent)
LxWxH=V
49mx24mx1.7m=20m3 (16ftx 8 ftx 5.5 ft = 704 #t3)
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. Background Vent (per vent)

24mx12mx1.1m=32m3 (8ftx4ftx35ft=1121#3)
Assuming an air filled void volume of 0.20. With a variable flow of 0.1 - 5 pore
volumes/day then the range in rate of air movement is:
»  Treatment Vent
0.4 to 19.9 m3/day (14 to 704 ft3/day)
0.275to 14U/min  (0.01 to 0.49 cfm)
. Background Vent
.06t03.2m3/day (2.2 to 112 ft3/day)
0.044 to 2.2/min  (0.0016 to 0.078 cfm)

Calculations Supporting
Water Flow Rates

Surface Area of Vents
»  Treatment Vents
LxW
488mx244m=119m2 (16ftx8 ft=128 #2)
. Background Vent
244mx1.22m=3m?2 (8t x 4 ft = 32 ft2)
Assume a surface infiltration rate of 43 cm to 432 cm/year (17 t0170 inches/yr)

.12 cm/day to 1.12 cm/day (0.047 to 0.47 inches/day)

.0012 m/day to .0112 m/day  (0.0039 to 0.039 f/day)

The flow rates may be calculated
»  Treatment Vents

11.9 m2 x .0012 to .0112 m/day (128 #2 x 0.0039 to 0.039 ft/day)




=0.014 to .14 m3/day
= 14 to 140 L/day
=10 to 100 mL/min

. Background Vents
3 m2x.0012 to .0112 m/day
=.0036 to .036 m3/day

= 3.6 to 36 L/day
=2.5t0 25 mUmin

Calculations Supporting Nutrient
Addition Rates

*  Treatment Vents (per vent)

Volume = 20 m3 (704 ft3)
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(0.50 - 5.0 ft3/day)

(8.7 - 37 gal/day)
(0.0026 - 0.026 gal/min)

(32 ft2 x 0.0039 - 0.039 ft/day)
(0.12 - 1.2 #3/day)

(0.94 - 9.4 gal/day)

(0.00065 - 0.0065 gal/min)

Assume = 1600 kg/m3 (100 Ib/ft3) density of soil

Mass of soil ~ 32,000 kg (70,400 Ibs)

Assuming a contamination level of 20,000 mg/kg (2 Ib/ft3)

of JP-4

Then the total JP-4 mass ~ 640 kg (1408 Ibs)

Using nutrient ratioof C: N : P

100:10:1 (Alexander, 1977)

Then approximately 64 kg (141 Ibs) N, and 6.4 (14 Ibs) P are needed
over a 7 month period for the test. (Note: From Table 5, values
obtainable by maximizing equipment were 44.5 kg (98lbs) N and 4.3

(9.5 Ibs) P, respectively.)

Nutrient delivery to treatment plots is summarized as follows:

+  Treatment Vents (per vent)

64 kg (141 Ibs) N = 245 kg (539 Ibs ) NH4Cl/7 months
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= 1.15 kg (2.57 Ibs) NH4Cl/dayAreatment vent

6.4 kg (141bs) P =21 kg (46 Ibs) Trimetaphosphate
(TMP)/7 months

= 100 g (0.22 Ibs) TMP/day/treatment vent

« KNC3 was added as a 0.18 g/L solution for additional nutrient
needs.

KNO3 = 0.18 g/L @ 20 mUmin = 5.18 g (0.011 Ib) KNO3/day

Mass Balance Approach for
Determining rate constants (k)
in Off-Gas Treatment Plot V3

Figure 83 illustrates the mass balance approach to calculating leakage
and oxygen consumption rate (k %/min) in Off-Gas Treatment Plot V3.

QL
OL
HL

Qi Oi Hi 3 Qo Oo Ho >

Figure 83. Mass balance schematic for Off-Gas Treatment Plot V3.
Q = Flowfrom V1 into V3, unknown, L/min
QL = Leakage flow, unknown, L/min
Qo = Flow discharged V3, known, L/min
Oi = Oxygen inflow from V1 into V3, known, %
OL = Oxygen from leakage, known (%), assumed to equal V4 oxygen
Oo = Oxygen discharged from V3, known, %
Hi = Hydrocarbons inflow from V1 into V3, known, % by volume

HL = Hydrocarbons from leakage, assumed to be 0 % by volume
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Ho = Hydrocarbons discharged from V3, known, % by volume
V = V3 soil volume, assumed to be:

244mx1.22mx 1.07mx .31 x 1000 Um3 = 983.27

K = Zero order oxygen decay constant, unknown, but may be

estimated from shutdown data,%/min.

Mass balance equations:

Qo0p = QO + QLOL - (KV) (22)
QoHo = QiH; - KVX (23)
Qo=0Q + QU (24)
Where X = ratio of hydrocarbon mineralized to oxygen
removed = .1053
Allowing Qo = 1 and rewriting equation 22
O =a0 +b0OL - KD (25)
Where: a = fraction of flow from V1

b = fraction of flow from outside leakage
D = Detention time

Rewriting Equation 23:
Ho = a Hi - KD (.1053) (26)

Rewriting Equation 24:

1=a+b (27)
b=1-a (28)
Substituting into Equation 25:
Oo=a0 + (1-a)0OL - KD (29)
Rewriting Equation 26:
aH; - Hy

K= —B(1053)




Substituting into Equation 29:
(@H - Ho) D

Hi - H
O =a0j+0OL-a0.a (—1'6—5-3—)‘9

H - H
Qo - OL=al(0-0- ~7gs3))

Oo - OL

. Hi - Ho
Oi + OL - —7053)

Rewriting Equation 30:

a Hi - Ho
K =

983L (.1053)
Flow Rate (L/min)

177

(35)
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Appendix B
Field Data
ppm = ul/L

cc=mL
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